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Abstract: - We present a new design of a low-profile small VHF dual-band omnidirectional 
antenna made оп a compact ARLON board. The antenna was optimized using full-wave EM 
simulations to provide an omnidirectional radiation pattern. A reactive impedance matching circuit 
was synthesized to operate the antenna in two VHF bands around 150 and 450 MHz with high 
efficiency. Several prototypes of the antenna have been fabricated and tested. 
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* Motivation 

* Challenges 

* Antenna Design 

e Matching Network Design 


° Measurements 
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"= Electrically (very) small, low profile antennas embedded 
inside small unmanned aerial vehicle (UAV) platforms 


= Operate at low frequency bands (VHF and UHF) 
= Simultaneous multiband operation 
= Optimize for 

"= Gain 

= Bandwidth 

= Efficiency 

" Cross-polarization 
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Constraints 





е Internal location in a small volume 


° Antenna maximal dimension approx. 
0.04) (at the low end) 


° Multiple elements 


= | Thickness varies from 9mm to 2mm 











Challenges 


- Efficiency Area reserved for antenna(s) 


* Cross-polarization 
е Size 
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Pros 


Very thin 
Few components 
Symmetric feed network 


(assumed to help with crosspol) 3 elements Array 
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First Approach 





In house original development 
Circular dual slot Antenna 

30 mil Rogers 5880 substrate 
10X10cm initial substrate 


Designed to be loaded 
(including resistive components) 


Cons 


° Very low efficiency 
* High Crosspol 
° Too Large for the 
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Second Approach 





* Adaptation of an existing design(*) 
* 9.5X6cm initial substrate FRA 


* Designed to be loaded 
(including resistive components) 





Fig.1 in (^) 


Pros Cons 
e Very thin ° Very low efficiency 
* Few components * High Crosspol 


e Symmetric feed network 
(assumed to help with crosspol) 


° Small enough for the 
3 elements Array 


(*) Sarah SUFYAR, Christophe DELAVEAUD - "A Miniaturization Technique of a Compact Omnidirectional Antenna", 
RADIOENGINEERING, VOL. 18, NO. 4, DECEMBER 2009, pp.373-380 
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Final Approach 





° Modification of the second approach 
e No Slot 
e No Dielectric substrate 
« 9.5X6cm 
* Designed to be loaded 
(including reactive components only) 
Pros Cons 


* Very thin e None 
° Few components 
e Symmetric feed network 
(assumed to help with crosspol) 
° 9.5X6cm - Small enough for the 3 elements Array 


° Good Crosspol 
(*) Sarah SUFYAR, Christophe DELAVEAUD - "A Miniaturization Technique of a Compact Omnidirectional Antenna", 
RADIOENGINEERING, VOL. 18, NO. 4, DECEMBER 2009, pp.373-380 
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Input Impedance 


Re(Zin), Im(Zin) 
5 


100. 150. 200. 250. 300. 350. 
Frequency[IMHz] 
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400. 


—Re(Z(1,1)) 
—m(2(1,1)) 


450. 





500. 


Etheta[dB]-Ephi[dB] 


Final Approach - Simulation Results 
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Excitation: Microstrip line Port 
No Matching Network 
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Excitation: Microstrip line Port 


No Matching Network 
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Cross-pol for Theta=90[deg], Phi=[0 to 360][deg] 
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* Matching network was designed using the Simplified 
Real Frequency Technique (SRFT) [1,2]. 


— Only lumped elements are used in matching networks. 
* No distributed elements (e.g. transmission line stubs). 
— Low-pass response for matching network (zero transmission zeros 
at DC). 


e Best sensitivity performance with respect to component values [1, 2]. 

* SFRT is more efficient design methodology than brute 
force optimization of component values for a given 
topology [1, 2]. 

— [he optimization problem is still non-linear. 

* Designed or optimized using non-linear least squares. 

— Matlab's Isqnonlin (Levenberg-Marquardt algorithm). 


1. В.5. Yarman, Design of Ultra Wideband Antenna Matching Networks: Via Simplified Real Frequency Technique, Springer 2008. 
2. B.S. Yarman, Design of Ultra Wideband Power Transfer Networks, Wiley, 2010. ! 
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The goal is to match the antenna such that its response w.r.t 
Transducer Power Gain (TPG) is as flat as possible over each 
frequency band of interest. 


* Because the antenna is electrically small (ka ~0.15) and the 
fractional bandwidth is ~33% (geometric), this can only be 
accomplished for a low TPG or a high return loss (S,,). 


* Each frequency band was considered separately to determine 
performance bounds for each frequency band. 


— Reduce solution space by determining or defining input parameter 
space. 


e Example of input parameters: TPG goal, number of elements, matching network 
response (low-pass, band-pass, etc.), presence of transformer, etc. 


* Dual band matching network was then designed using 
inputs from previous step. 


dr 
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Matching Network Details 
Low pass LC ladder (k=0) 
- 6 elements (п-б) 
— No transformer 
— Band 1: 0.154 < ka < 0.2125 
. TPG goal, T, = 0.15 (-8.23 dB) 
— Band 2: 0.509 < ka < 0.5676 
*  TPG goal, T, - 0.236 (-6.27 dB) 


Matching Network Details 
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Circuit Schematic 


Actual Element values are given by 





С Cnorm 
R 0 Lnorm 
іш--- 
Onorm 
C12 «6.38 F L4= +4.95 H R7= +1.00 Q 
R,=50 Q 
L2= +1.36 H C5= +1.76 F 
LS 1 GH: C3= +10.11 F L6= +5.85 H 
All component values are normalized 
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S. Transducer Power Qain Results 
4%” 





— Band 1: 0.154 < Ка < 0.2125 

* Average, TPG = -11.34 ав 

« Standard Deviation, TPG - 2.18 dB 
— Band 2: 0.509 < ka « 0.5676 

* Average TPG - -6.38 dB 

« Standard Deviation, TPG - 0.18 dB 


Transducer Power Gain (dB) 


— —- Without Matching Network |^ 
= = = With Matching Network 
Objective 





0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 
Electrical Size, ka 
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Radiation Efficiency Considerations 


й 


Assuming efficiency => the choice of materials is 


< таа + Аа 
critical; 
Since the Re[Zin]=Rrad, is extremely small, the efficiency is 
dominated by the ohmic losses, so no dielectric substrate was 
used in the antenna construction. 
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* Tx Antenna for test: MI Technologies MI-26-0.10 
* Gain Reference: ETS Lindgren 3140B 
* Collected Radiation Patterns (54 patterns across 9 antennas) 





* E-Plane and H-Plane Patterns at antenna Boresight, Co and X Pol 


* H-Plane Patterns at 90^ in elevation from antenna Boresight, Co 
and X Pol 


* 100 MHz - 500 MHz in 1 MHz steps 
е -1502%40 150" in 1? increments 


E 
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* Collected data on dipole and broadband Lop Periodic antennas with 
known calibrated gain values to verify setup and gain correction 


° IIT Research Institute Tunable Dipole: 138 MHz 


* AH Systems SAS-510-2 Log Periodic: 454 MHz 


Standard Dipole 








— Co.Pol @138.000 MHz 
— X-Pol @138.000 MHz 


Dipole Antenna @ 138 MHz 
Gain Measured: 1.5 dBi 
Standard Dipole Gain: 2.1dBi 
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— Соро 644.000 MHz 
— X-Pol 454.000 MHz 


AH Systems Log Periodic @ 454 MHz 
Gain Measured: 6.2 dBi 
Gain from Manufacturer: 6.0 dBi 





Chamber Testing: Antenna 
Orientation 








Input SMA 
Connector 


° Boresight: X-Axis 
° E-Plane : XZ Cut 
° H-Plane: XY Cut 

° H-Plane at 90 °: YZ 


Cut 
X Y 
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ginal Dipole Raw E-Plane Co-Pol 
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Original Dipole: E-Plane Patterns 
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— Co-Pol @136.000 MHz — Co-Pol (2138.000 MHz 


— X-Pol @138.000 MHz — X-Pol @138.000 MHz 
— Co-Pol @454.000 MHz — Co-Pol @454.000 MHz 
— X-Pol @454.000 MHz — X-Pol @454.000 MHz 
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Wound Prototype Raw E-Plane 
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Ceramic Chip Prototype — 
E-Plane Co-Pol 
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— Co-Pol (138.000 MHz — Co-Pol 138.000 MHz 


— X-Pol (138.000 MHz — Х-Ро| 138.000 МН; 
— Co-Pol @454.000 MHz — Co-Pol @454.000 MHz 
— X-Pol @454.000 MHz — X-Pol @454.000 MHz 
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— Co-Pol @138.000 MHz 
— X.Pol @138.000 MHz 
— Co.Pol @454.000 MHz 
— X-Pol &454.000 MHz 
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— Co-Pol @138.000 MHz 
= X-Pol 7138.000 MHz 
| — Co-Pol 454.000 MHz 


— X-Pol @454.000 MHz 











Conclusions 





e A small, dual band, efficient antenna was 
devised, built and tested 


* Adual band matching network (reactive only) 
was designed, optimized and implemented 
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